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[57] ABSTRACT 

The invention resides in the field of transferring data and 
other information from multiple asynchronous TOM chan- 
nels across a synchronous interface in digital blocks of a 
preset length. Presently, transfer of data and timing infor- 
mation requires serial transmission of frame pay load, quali- 
fied with clock and frame pulse indications. A separate set of 
these signals is required in both directions for each port or 
physical link. An interface of the invention permits data 
transfer in blocks which are uniquely identified for a specific 
port or links and the position of the block within the frame 
(if the transfer is one of framed data). The invention greatly 
reduces the number of required signals, thus enabling reduc- 
tion of pin count requirements and an increase in the number 
of serviced ports. 

13 Claims, 4 Drawing Sheets 
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DATA TRANSFER METHOD AND 
APPARATUS 

FIELD OF THE INVENTION 

The present invention relates generally to interfacing non 
synchronized digital signal streams which exist in different 
sublayers of the physical layer. In particular, it is directed to 
interfacing of digital signal streams by way of a master and 
a slave exchanging blocks of data stream, each comprising 
a predetermined number of bits. 

BACKGROUND OF THE INVENTION 

The current method of transfer of data and timing infor- 
mation between Physical Medium Dependent (PMD) and 
Transmission Convergence (TC) sublayers requires serial 
transmission of frame payload qualified with clock and 
frame pulse indications. A separate set of these signals is 
required in both directions for each port or physical link. 

For example, digital signals are often multiplexed to 
produce higher bit rates for higher capacity transmission 
systems, as a means of utilizing the same transmission 
medium economically for many different users. This multi- 
plexing is one of functions that perform such data transfer. 
Different digital signal hierarchies were developed in North 
America, Europe and other parts of the world. In North 
America, DS1,DS2 and DS3 whose bandwidths are respec- 
tively 1.544 Mbit/sec, 6.312 Mbit/sec. and 44.736 Mbit/sec. 
are used. Transmission services which provide these digital 
signals are called Tl, T2 and T3. DSO is a basic TDM signal 
(voice channel signal) of 64 Kbit/sec. Thus, 24 DSO streams 
are multiplexed to one DSl,four of which are combined into 
one DS2. Seven DS2 streams are multiplexed to one DS3 
stream. At each multiplexing operation, certain overhead bit 
or bits are added for framing, synchronization and other 
housekeeping functions. In some multiplexing operations, 
certain payload databits are borrowed for housekeeping 
functions as well. 

According to "Four channel DS1 Framer" Eugene L. 
Parrella et al, IEEE International ASIC Conference and 
Exhibit: 

"Wideband telecommunications services such as T3, 
SONET, and inverse multiplexed Tl services are driv- 
ing more highly integrated multichannel Tl cards. With 
the availability of single chip M13 (T1/T3) multiplex- 
ers and multichannel SONET mappers, Tl framers and 
Tl line interface units may become the bottlenecks to 
further reductions in card size, power and cost. A 
multichannel Tl framer offers substantial board area 
reduction, and is highly desirable if competitive in 
power consumption and cost to multiple single channel 
framers. 

As an example, a DS0-T3 switching application can be 
considered. A single chip M13 multiplexer is 
employed, multiplexing 28 DSls into a DS3. To con- 
vert DSO's into 28 framed DSl*s, 28 DS1 framers are 
required, A multichannel framer can be used effectively 
to lower parts count for the system." 
Therefore, the above application of DS1-DS3 interface 
requires 112 connections between a group of 7 quad DS1 
framers and a M13 multiplexer. 

The present invention permits the transfer of data and 
timing information between the PMD and TC sublayers, a 
predetermined sized block of data at a time. Each data block 
is uniquely identified with an identification number which 
specifies the port or physical link with which it is associated 
and the position of the data block within the frame (if the 
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transfer is one of framed data). Timing information is passed 
between the two sublayers in digital representation form. It 
represents an offset with respect to a reference clock which 
can be board, system, or network wide. 

5 This invention greatly reduces the number of signals 
required between the two sublayer devices. This makes it 
physically possible to increase the number of ports serviced 
by PMD and TC sublayer devices by greatly reducing their 
pin count requirements. 

to In one embodiment, the present invention permits inter- 
facing between digital signals of two different hierarchical 
levels very efficiently. In particular, as an example, in a 
DS1-DS3 interface only 24 lines (instead of 112 connec- 
tions mentioned above) are required, running at a reasonable 

15 speed of 50 MHz. 

Furthermore, for channelized applications, the necessity 
to demultiplex onto separate asynchronous bit streams only 
to multiplex back to one synchronous stream has been 
eliminated. 

20 

OBJECTS OF THE INVENTION 

It is therefore an object of the invention to provide a 
method and an apparatus for transferring data, timing and 
other control information between two sublayer devices 
25 efficiently. 

It is another object of the invention to provide a method 
and apparatus for interfacing two sublayer devices which 
require less signals for transferring data and other informa- 

SUMMARY OF THE INVENTION 

Briefly stated, according to one aspect, the invention is 
directed to a method of synchronously transferring data and 

35 other information between a physical medium sublayer and 
a transmission convergence sublayer, each handling a non 
synchronized digital signal stream. The method comprises 
steps of a master bidirectionally handling a non- 
synchronized digital signal stream to/from the physical 

40 medium sublayer and a slave bidirectionally handling a 
non-synchronized digital signal stream to/from the transmis- 
sion convergence sublayer. The method further includes 
steps of the slave and the master exchanging the data and 
other information in individually identifiable blocks of pre- 

45 determined lengths during each successive exchange 
sequence of a preset length of time in a time synchronized 
fashion under a clock signal. The method comprises yet 
further steps of, during each exchange sequence, the master 
sending the slave identifiers of blocks of data and other 

50 information to be exchanged between the slave and the 
master, and in response to the identifiers, the slave exchang- 
ing with the master the blocks of data and other information 
so identified. 

According to another aspect, the invention is directed to 
55 an interface for synchronously transferring data and other 
information between a physical medium sublayer and a 
transmission convergence sublayer, each sublayer handling 
a non-synchronized digital signal stream. The interface 
comprises a master for bidirectionally handling a non- 
60 synchronized digital signal stream to/from the physical 
medium sublayer and a slave for bidirectionally handling a 
non-synchronized digital signal stream to/from a transmis- 
sion convergence sublayer. The interface further includes 
time division multiplexed buses connecting the master and 
65 the slave for exchanging the data and other information in 
individually identifiable blocks of predetermined lengths 
during each successive exchange sequence of a preset length 
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of time, in a time synchronized fashion under a clock signal, 
in that the identifiable blocks in each successive exchange 
sequence contain data and their identifiers. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic illustration of an interface according 
to one embodiment of the invention; 

FIG. 2 is a timing diagram of signals of one embodiment 
of the invention; 

FIG. 3 is a schematic illustration of an interface according 
to another embodiment of the invention in which more than 
one slave is used; and 

FIG. 4 is a schematic illustration of an interface according 
to yet another embodiment of the invention in which HDLC, 
ATM TC and AAL1 sublayers are shown as examples. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS OF THE 
INVENTION 

Generally speaking, the invention concerns a synchronous 
interface used to transfer multiple bidirectional non- 
synchronized data streams between a PMD and the Physical 
Layer. 

One embodiment of the invention is concerned with 
multiplexing digital signals of different hierarchy levels, in 
which 28 DS1 data streams are interfaced into one DS3 data 
stream. According to DS1 and DS3, the payload data are 
formatted in blocks of an integer multiple of octets. 
Conveniently, therefore, this can be called an Octet Stream 
Interface. This interface defines the exchange of octets of 
data between the two or more devices based on an Octet 
Stream Identifier which uniquely identifies each stream of 
data and related control information. The Octet Stream 
Identifier specifies the port or physical link with which the 
data and control information are associated as well as the 
byte position of the octet within the frame (if the transfer is 
one of framed data). 

FIG. 1 illustrates schematically one embodiment of the 
invention in which a master and a slave are shown. The 
device which communicates with the PMD is described as 
the Octet Stream Master 20 since it provides the timing and 
sequencing for the transfers based on the availability of 
payload data from the facility and the requirement to provide 
payload data to the facility, e.g. TC sublayer. The device 
providing the TC sublayer is called the Octet Stream Slave 
22 since it simply responds to requests made by the timing 
and sequence master. The direction of flow from the master 
to the slave is called the receive direction, and the direction 
opposite thereto is the transmit direction. The transmit and 
receive transfers both use the same transfer clock. If the 
maximum transfer clock is e.g., 50 MHz, the maximum 
transfer rate would be 100 Mbps in each direction. The 
transfer of data in blocks of a predetermined length, e.g. 
blocks of an octet, is via a common transfer clock and is 
synchronized at the block level. 

Referring to FIG. 2, each exchange sequence consists of 
four transfer cycles and achieves transfer of a data block in 
two directions. In this embodiment, the data block is one 
octet long. However, it is, of course, possible to choose any 
reasonable length although, due to well adapted standards 
which presently exist, certain sizes would be more logical 
than others. 

Referring further to the figure, the following signals are 
required: 
ORD[11:0] 



10 



15 



20 



25 



35 



40 



45 



50 



55 



60 



65 



This is Octet stream Receive Data and contains up to 12 bits 
of data driven from the Octet Stream Master 20 to the Octet 
Stream Slave 22. ORD[ 11 ] is the MSB (most significant bit). 
OTD[9:0] 

This is Octet stream Transmit Data and contains up to 10 bits 
of data driven from the Octet Stream Slave 22 to the Octet 
Stream Master 20. OTD[9] is the MSB. OTD is tri-stated by 
all devices which are not programmed to respond to a 
particular TID value. 
OCLK 

This is Octet stream CLocK and is an octet transfer/ 
synchronization clock for synchronizing transfers on both 
ORD and OTD. 
OIS 

This is Octet stream Interface Sync and is an active high 
signal asserted by the Octet Stream Master during the first 
transfer cycle of an exchange sequence. 

Referring further to FIG. 2, operation and timing are 
described in detail in connection with clock cycles. The two 
unidirectional busses ORD and OTD are TDM busses which 
carry different information depending on the transfer cycle 
in the exchange sequence governed by OIS. An exchange 
sequence is the transfer of one complete set of parameters in 
both the transmit and receive directions. 

During one exchange sequence, payload data blocks RxD 
and TxD identified by the master are exchanged in receive 
and transmit directions. The signalling information RxC and 
TxC so identified by the master are also exchanged in the 
same exchange sequence. The master identifies data and 
signalling information for exchange by sending the slave 
identification numbers in TID and RID. 

According to the embodiment, an Octet Stream Identifi- 
cation number is a number from 0-1023 which is used to 
uniquely identify a specific octet stream. The Octet Stream 
Master applies a base Octet Stream Identifier for each link 
or virtual tributary supported. Consecutive Octet Stream 
Identifiers are then assigned for each channel in a link. If the 
link is unchannelized, the base octet identification number is 
used for all octets. The Octet Stream Slave device requires 
a programmable internal mapping of octet id's to channel 
numbers to provide a level of indirection. 

Definition of the data content is as follows: 

TID (Transmit IDentifier) 
This is a 12 bit value sent by the Octet Stream Master device 
which identifies the required TxD and TxC in the next 
exchange sequence. T1D[9:0] contains the Octet Stream 
Identifier number, TID[10] is asserted if data is required, and 
TID[11] is asserted if the octet requested is in the first frame 
of a multiframe, where a multiframe is service specific. An 
example of multiframe sizes is given in the "DS1/DS3 
Example" on pages 8 and 9. Signalling bits will be provided 
by the Octet Stream Slave in the first frame in a multiframe 
if they are valid. 

RID (Receive IDentifier) 
This 12 bit value sent by the Octet Stream Master device 
identifies the RxD and RxC in the following two clock 
periods. RID[9;0] contains the Octet Stream Identifier 
number, RID[10] is asserted if valid data is present, and 
RID[11] is asserted if this octet is in the first frame of a 
multiframe. Valid signalling bits will be present with each 
octet in the first frame of a multiframe. 

RxD (Receive Data) 
This is an 8-bit payload value which is identified by RID on 
the previous clock cycle. This is valid if RID[10] is asserted. 

TxD (Transmit Data) 
This is an 8-bit payload value which is identified by the TID 
in the previous exchange sequence. 
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RxC (Receive Control) 
This value contains control information passed from the 
Octet Stream Master to the Octet Stream Slave. This control 
information is identified by RID in two previous clock 
cycles. The contents of the control field are illustrated in the 
Table below when RxC is set for RCC=011. 



11 10:8 7 6 5 4 3 2 3 0 
RxConlrol LS RCC A B C/A' D/B' RTS 
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-continued 
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71 
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10 In the transparent mode, the following numbers apply: 



TxC (Transmit Control) 
This value contains control information passed from the 
Octet Stream Slave to the Octet Stream Master. This control 15 
information is identified by the TID in the previous block 
exchange sequence. The contents of the control field are 
illustrated in the Table below when TxC is set for TCC=11. 

20 

9:8 7 6 5 4 3 2 1 0 
TxControl TCC A B C/A' D/B' RTS 



RCC=Receivc Control Code. This code indicates what data 25 
will be present in bits 7-0 as follows: 
000: RXC[7:0]=User defined field 
001: RXC[7:4]=Updated Signalling bits 

: RXC[3:0]=Unused 
010: RXC[7:4]=Unused 30 

: RXC[3:0]-Updated SRTS value 
011: RXC[7:4]=Updated Signalling bits 

: RXC[3:0]-Updated SRTS value 
100-111: RXC[7:0]-User defined field 35 
TCC=Transmit Control Code. This code indicates what data 
will be present in bits 7-0 as follows: 
00: TXC[7:0]=User defined field 
01: TXC[7:4> Updated Signalling bits 

: TXC[3:0]=Unused 40 
10: RXC[7:4]=Unused 

: RXC[3:0]«Updated SRTS value 
11: RXC[7:4]=Updated Signalling bits 

: RXC[3:0]=Updated SRTS value 45 
ABCD=ABCD Signalling bits 

ABAB'-AB Signalling bits for two superframes when using 
DS1 SF format. A'B 1 are the signalling bits for odd numbered 
superframes and AB is for even numbered superframes. 50 
LS-Link Status for link corresponding to the RID. This is a 
user defined status field used to pass link information such 
as LOS, OFF, LOF, etc. as required. 
RTS=Rx RTS value. This is CES specific timing 
information, as defined in the 1363.1 specification. This is an 
RTS formatted value used to support SRTS or any other 
clock recovery mechanism. Bit 3=RTS most significant bit. 

In the embodiment where a single DS3 master to a single 
slave is used, the following identification numbers should be go 
used in non-transparent mode. 



DSl #1 DSl #2 DSl #3 ... DSl #28 

DSO #1 0 24 48 ... 648 

DSO #2 1 25 49 ... 649 





DSl #1 


DSl #2 


DSl #3 


DSl #28 


DS0 #1 
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24 


48 


648 


DSO #2 


0 


24 


48 


648 


DSO #3 


0 


24 


48 


648 


DSO #24 


0 


24 


48 


648 



It should be noted that the DS1-DS3 embodiments are given 
as example only. It would be apparent to those skilled in the 
art that the invention is equally applicable to other digital 
signal streams, such as El, J2, STS-1, E3, STM-1, etc. 

Referring to FIG. 3, another embodiment is schematically 
illustrated in which multiple slaves are provided with one 
master. If multiple masters are required, they must be 
connected in a manner to appear as one Octet Stream Master 
as defined herein. 

One other preferred embodiment is schematically illus- 
trated in FIG. 4 in which, as in FIG. 3, multiple slaves are 
provided with one master. The master in this embodiment 
includes a M13 multiplexer for handling DS3 signals in the 
physical medium sublayer. The master includes 28 port TL 
framers which are connected to three slaves by busses and 
other connections. ORD and OTD are time division multi- 
plexed busses. On the transmission convergence sublayer, 
one slave carries up to 672 channel HDLC (high level data 
link control) signals, another up to 28 ATM TC sublayer 
signals. The third slave handles up to 672 channel AAL1 
(ATM adaptation layer 1) signals. Of course, other TC 
sublayer signals are possible. 

What is claimed is: 

1. A method of synchronously transferring data and other 
information between a physical medium sublayer and a 
transmission convergence sublayer, each handling a non- 
synchronized digital signal stream, comprising steps of: 
a master bidirectionally handling a non-synchronized 
digital signal stream to/from the physical medium 
sublayer; 

a slave bidirectionally handling a non-synchronized digi- 
tal signal stream to/from the transmission convergence 
sublayer; 

the slave and the master exchanging the data and other 
information in individually identifiable blocks of pre- 
determined lengths during each successive exchange 
sequence of a preset length of time in a time synchro- 
nized fashion under a clock signal; 
the method further comprising steps of: 
during each exchange sequence, 
the master sending the slave identifiers of blocks of 

data and other information to be exchanged between 

the slave and the master; and 
in response to the identifiers, the slave exchanging with 

the master the blocks of data and other information 

so identified. 
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2. The method according to claim 1 wherein an exchange a slave for bidirectionally handling a non-synchronized 
sequence comprises a plurality of transfer cycles, and during digital signal stream to/from the transmission conver- 
each transfer cycle, the master sends the slave, respectively, gCDCe sublayer under the control of the master; 

the identifier of the data block to be received from the slave 

during the next exchange sequence, a data block, other 5 lime division multiplexed buses connecting the master 

information and their identifier. ^ d tne slave for exchanging the data and other infor- 

3. The method according to claim 2 wherein during the mation so identified by the master in individually 
coincidental transfer cycles, the slave sends the master identifiable blocks of predetermined lengths during 
respectively the data block and other information so iden- each successive exchange sequence of a preset length 
tified by the master in the previous exchange sequence. 10 Q f t i mc i n a t f me synchronized fashion under a same 

4. The method according to claim 3 wherein the other clock signal; and 
information exchanged between the master and the slave 

comprises control signals which include a timing signal, tne identifiable blocks in each successive exchange 

signalling information and/or other user definable informa- sequence containing data and their identifiers. 

tio°- 15 10. The interface according to claim 9, wherein the 

5. The method according to claim 4 wherein the timing identifiable blocks in one successive exchange sequence on 

signal is RTS values. # . L . tt . one time division multiplexed bus contain data and control 

6. The method according to claim 4 wherein the signalling . , , . .. fi . . ., ,.~ - , . 

. r ... , <l j j ■ ii* signals and their identifier in addition to an identifier of data 

information is exchanged by the use of standard signalling & , , J . J . . . , . , 

bits contained in the control signals. 20 to be transferred on the «*and time dl ™ on multiplexed 

7. The method according to claim 4 wherein there is more bus 10 lne following exchange sequence. 

than one slave and the method comprises a further step of: 11. The interface according to claim 10, wherein the 

one of the slaves, in response to the identifiers, exchang- identifiable blocks in one successive exchange sequence on 

ing with the master the blocks of data and other another time division multiplexed bus contain data and 

information so identified. 25 control signals so identified by an identifier on the first time 

8. The method according to claim 7 wherein the non division multiplexed bus in the previous exchange sequence, 
synchronized digital signal streams are any of DS1, El, J2, i-» n. • * j- * , . 1t . 
DS3 E3 SIS 1 and STM 1 12. The interface according to claim 11, wherein each 

Q.'An'interfec'e'for synchronously transferring data and cxchan S e a*^** * dividcd ™ io four transfer c y clcs and 

other information between a physical medium sublayer and 30 each identifiable block is transferred in each transfer cycle in 

a transmission convergence sublayer, each sublayer han- oae direction over one time division multiplexed bus. 

dling a non -synchronized digital signal stream, comprising: 13. The interface according to claim 12, wherein there is 

a master for bidirectionally handling a non-synchronized more than one slave, 
digital signal stream to/from the physical medium 

sublayer; ***** 
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